Parkinson's disease (PD) is a slowly progressive, age-related, second most common neurodegenerative disorder after Alzheimer's disease of unknown etiology. Dopamine replacement therapies were introduced five decades ago and still remain the mainstay of treatment for Parkinson's disease. However, with long-term treatment with L-dopa, more than 50% of patients were found to develop motor response complications approximately after 4 -5 years of initiation of continuous treatment, in 80% of patients treated for 10 years, and in nearly 100% patients with young-onset disease. The complications of long-term treatment with levodopa include-motor fluctuations, dyskinesias, and nonmotor fluctuations are such as mood disturbance, cognitive dysfunction, dysautonomia and pain. Till date, there are various therapeutic approaches having been developed for the treatment of advanced PD comprising Pharmacotherapy, neurotrophic factors, surgical procedures such as DBS, cell-based therapies and gene therapies. The pharmacological and surgical therapies are only aiming to improve the symptoms of PD, but none are proven to have a significant effect on the underlying disease process with respect to either slowing disease progression or restoring the affected dopaminergic neurons. Although there is no cure for PD, Gene based therapy has significant prospective advantages over the conventional treatment modalities for PD, as it could theoretically be used to preserve or restore dopaminergic neurons affected by PD through the action of neurotrophic factors or alternatively increase the availability of enzymes required for dopamine synthesis. All commonly employed PD therapies focus on the amelioration of symptoms and do not cure disease. In this review only we summarize the newer therapeutic strategies for the treatment of PD such as anti-inflammatories, neurotrophic factors, neurosurgical procedures (DBS), cell based therapies and gene therapies.
Introduction
Parkinson's disease (PD) is a slowly progressive, age-related, second most common neurodegenerative disorder worldwide, after Alzheimer's disease (AD) of unknown etiology [1] - [4] . PD was first described by James Parkinson in 1817 in his "An essay on the Shaking Palsy" and it was reported in 1893 that the symptoms of PD were attributable to severe degeneration of dopaminergic neurons in the substantia nigra pars compacta. [5] . PD affects approximately 1.5 million people in the United States, 1.7 million people in China and 4 million people worldwide with approximately 1% to 2% of the global population over 60 years of age and 4% of those older than 80 years with an annual incidence of 16 -19 cases per 100,000 [6] - [9] .
The etiology of PD still remains unclear, but it is thought that it may be caused by a combination of genetic and environmental factors. Genetic factors-genetic mutations, including alpha-synuclein (SNCA), Parkin (PARK2), PINK1(PARK7), DJ-1(PARK6), Leucine-rich repeat kinase 2 (LRRK2), ATP13A2 (PARK9), UCHL1, VPS35, GBA (glucocerebrosidase), DNAJC6, SYNJ1, ATXN2, ATXN3, MAPT, GCH1, DCTN1etc. and environmental factors, including age, sex, blood urate levels, NSAID use, head trauma, anxiety disorders, exposure to lead, manganese, iron, copper, solvents and pesticides (e.g. rotenone, paraquat, maneb, dieldrin, pyrethroids, organophosphates and Combined ambient exposure to ziram and paraquat) may be an important risk factor for PD which induce oxidative stress, mitochondrial dysfunction, α-synuclein fibrillization and neuronal cell loss [10] - [14] .
Parkinson disease is a multisystem disorder, clinically characterized by motor and non-motor (NM) symptoms. The motor symptoms of PD include four cardinal features: bradykinesia, rest tremor, rigidity, postural instability and gait impairment. 1. Bradykinesia: refers to slowness of movements with a progressive loss of amplitude or speed during attempted rapid alternating movements of body segments.
Rest tremor (sometimes also called Parkinsonian tremor) is a rhythmic oscillatory involuntary movement
that comes about when the affected body part is relaxed and supported by a surface, thus removing the action of gravitational forces. 3. Rigidity: refers to an increased muscle tone felt during examination by passive movement of the affected segment (limbs or neck), involving both flexor and extensor muscle groups. 4. Postural and gait impairment: Parkinsonian patients tend to adopt a stooped posture owing to the loss of postural reflexes, a major contributor to falls [15] [16] . Non-motor (NM) symptoms, including autonomic disturbances (gastrointestinal, urogenital, cardiac, respiratory), sensory, skin, sleep, visual, neuropsychiatric dysfunctions (dementia, anxiety symptoms, depression, psychosis, impulse control disorders (ICDs), disorders of sleep wakefulness, apathy), olfactory dysfunction, and REM sleep behavior disorder (RBD), etc. [17] - [19] .
The pathological hallmark of PD is the presence of intraneuronal proteinaceous inclusions called Lewy bodies (LBs) or Lewy neurites (LNs) in the substantia nigra and in several central nervous systems [20] . The main protein component of LBs is α-synuclein, a synaptic protein with the propensity to misfold and aggregate. α-Synuclein a small protein (140 amino acids) encoded by the SNCA gene which is the best known isoform of the synuclein protein family is a typical intrinsically disordered protein, but can adopt a number of different conformational states depending on conditions and cofactors. These include the helical membrane-bound form, a partially-folded state that is a key intermediate in aggregation and fibrillation, various oligomeric species, and amorphous aggregates. The misfolded protein behaves like a template inducing conformational change in the wild type proteins causing a cross-reaction and leading to neurodegeneration. Histologically, there is neuronal loss in the substantia nigra pars compacta along with compensatory astrocytic and microglial proliferation and biochemically there is loss of dopaminergic termini in the striatum [21] - [23] .
Parkinson's disease imposes significant demands not only for patients but also for those people living and caring for them, who often have a reduction in their quality of life, where their social activities and work schedules reduce to be more involved in caring [24] . Depression is the most common psychiatric disorder associated with PD but is often under diagnosed and under treated leading to worsening of symptoms and deterioration of the quality-of-life of the people suffering from this disease [25] . Impulse control disorders (ICDs) and apathy are recognized as two important neuropsychiatric syndromes associated with PD may have a significant effect on patients with PD and their carers and are associated with significant psychiatric morbidity. The contribution of these behavior disorders to carer burden is less understood [26] [27] .
Dopamine replacement therapies were introduced five decades ago and still remain the mainstay of treatment for Parkinson's disease [28] . Most therapies are oriented towards symptomatic relief aiming to slow or even terminate neurodegeneration and therefore cause slow progression of disease and do not cure disease. However, with long-term treatment with L-dopa, more than 50% of patients were found to develop motor response complications approximately after 4 -5 years of initiation of continuous treatment, in 80% of patients treated for 10 years, and in nearly 100% patients with young-onset disease [29] . The complications of long-term treatment with levodopa include-motor fluctuations, dyskinesias, and nonmotor complications such as mood disturbance, cognitive dysfunction, dysautonomia, and pain [30] [31] . The severity of motor complications has become promisingly more challengeable for the neurologists and many researchers are involved in the development of newer and more effective therapeutic strategy to minimize the complications related to levodopa treatment. Till date, various therapeutic strategies have been developed for the treatment of advanced PD, including Pharmacotherapy, neurotrophic factors, surgical procedures such as DBS, Cell-based therapies and gene therapies. The goal of this review is to emphasize the development of various therapeutic approaches and will focus only on newer treatment strategies for PD. This review mainly highlights the newer therapeutic methods for the treatment of PD such as anti-inflammatories, neurotrophic factors, surgical procedures (DBS), stem cell therapies and gene therapies.
Literature Review

Anti-Inflammatories
Neuro-inflammation and oxidative stress play a key role in the pathophysiology of PD and are characterized by activated microglia and infiltrating T cells at the site of neuronal injury, which is a prominent contributor to the pathogenesis of progressive PD. Microglia play a critical role in forming a self-propelling cycle leading to sustained chronic neuroinflammation and driving the progressive neurodegeneration in PD [32] . In Parkinson's disease pathophysiology, activated glia affects neuronal injury and death through the production of neurotoxic factors like glutamate, S100B, tumor necrosis factor alpha (TNF-α), prostaglandins, reactive oxygen nitrogen species. As the disease progresses, inflammatory secretions recruit neighboring cells, including astrocytes and endothelial cells, resulting in a vicious cycle of autocrine and paracrine amplification of inflammation leading to neurodegeneration. The exact mechanism of these inflammatory mediators in the disease progression is still incompletely understood [33] . There are various anti-inflammatory agents have been developed for the treatment of Parkinson's disease which is described below:
Statins
Statins are cholesterol-lowering agents, but play a potential role in neuroprotection, immunomodulation, and anti-inflammation. Studies have demonstrated that Neuro-inflammation and associated infiltration of inflammatory cells into the central nervous system are inhibited by 3-hydroxy-3-methyl glutaryl co-enzyme A (HMG-CoA) reductase inhibitors. For the study, 6-Hydroxydopamine (6-OHDA)-treated pheochromocytoma-12 (PC12) cells were used to investigate the neuroprotective nature of simvastatin and lovastatin. These studies have identified that they significantly decreased both the mRNA and the protein levels of NMDAR1, TNF-α, IL-1β, IL-6 mRNA, COX-2 and protein expression levels in 6-OHDA-stimulated PC12 cells. Thus, these data have provided that simvastatin or atorvastatin may be of therapeutic benefit for the treatment of Parkinson's disease [34] - [36] .
Silymarin
Silymarin is a complex of flavonolignans derived from the seeds of the plant Silybum marianum and has mainly antioxidant, anti-inflammatory, cytoprotective and neuroprotective effects. Silymarin treatment showed a non-monotonic dose-response curve and only 50 and 100 mg/kg doses preserved dopamine levels (62% and 69%, respectively) after MPTP intoxication. Silibinin, a major active constituent of silymarin, which decrease striatal caspase-3 and NFκB expression indicating potential anti-apoptotic and anti-inflammatory effects respectively. Additionally, Silibinin (100 and 200 mg/kg) reduces MPP (+)-induced motor deficits such as fine motor movements and gait. It significantly diminishes the number of apoptotic cells and preserves dopaminergic neurons in the substantia nigra of MPTP-intoxicated mice. Thus, the authors suggested that silibinin play a pivotal role in the neuroprotective effect in the MPP (+) induced striatal toxicity augmenting dopamine and may be effective in the treatment of PD [37] [38].
Berberine
Berberine is an isoquinoline alkaloid isolated from Berberis vulgaris L., is known to act as an anxiolytic, anal-gesic, anti-inflammatory, antipsychotic, antidepressant and anti-amnesic effects. The study has demonstrated that treatment with berberine at maximal 50 mg/kg improved short-term memory by inhibiting apoptosis in the hippocampus and may serve as a potential therapeutic strategy for the alleviation of memory impairment and motor dysfunction in patients with PD [39] .
Mucuna Pruriens (MP)
Mucuna pruriens is a leguminous plant is used as an anti-inflammatory drug. The study evaluated to see the neuroprotective effect of an ethanolic extract of MP seed in the 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) model of PD. MP treatment recovered the number of TH-positive cells in both the SN region and the striatum while reducing the expression of iNOS and GFAP in the SN. Treatment with MP significantly increased the levels of dopamine, DOPAC and homovanillic acid compared to MPTP intoxicated mice. MP down regulates NO production, neuroinflammation and microglial activation and all of these actions contribute to the MP's neuroprotective activity. Thus, the study has suggested that MP can be an effective treatment for neurodegenerative diseases, especially PD by decreasing oxidative stress and possibly by implementing neuronal and glial cell interference [40] .
Acetylcorynoline
Acetylcorynoline is the major alkaloid component derived from Corydalis bungeana, a traditional Chinese medical herb. It has been shown to have anti-inflammatory properties, but no studies have yet described the effects of acetylcorynoline on PD. Experimental data showed that treatment with up to 10 mM acetylcorynoline does not cause toxicity in animals. Studies have demonstrated that acetylcorynoline significantly decreases the dopaminergic neuron degeneration induced by 6-hydroxydopamine in BZ555 strain; prevents α-synuclein aggregation; recovers lipid content in OW13 strain; restores food-sensing behavior, dopamine levels; and prolongs lifespan in 6-hydroxydopamine-treated N2 strain, thus showing its potential as a possible antiparkinsonian drug [41] .
Luteolin
Luteolin 3', 4', 5, 7-tetrahydroxyflavone, is a common flavonoid that exists in many types of plants including fruits, vegetables, and medicinal herbs. The food-derived compounds luteolin has multi-target actions, including antioxidant, anti-inflammatory and neurotrophic activities. The study showed that when PC12 cells were pretreated with luteolin (20 µM) 30 min prior to 6-OHDA (100 µM) exposure, 6-OHDA-induced ROS overproduction, cytotoxicity, caspase-3 activation, mRNA expression of BIM, TRB3 and GADD34 were significantly attenuated leading to decreases in phospho-eIF2α, ATF4, GRP78 and CHOP and these results have suggested that diminishing intracellular ROS formation and down-regulation of p53, UPR and Nrf2-ARE pathways and it may be involved in the neuroprotective effect of luteolin [42] .
N-Butylidenephthalide
N-Butylidenephthalide is the naturally-occurring component derived from the chloroform extract of Angelica sinensis. It has been shown to have anti-tumor and anti-inflammatory properties, but no reports have yet described the effects of n-butylidenephthalide on PD. The Study was demonstrated in PD animal models and found that n-butylidenephthalide significantly attenuates dopaminergic neuron degeneration induced by 6-hydroxydopamine; reduces α-synuclein accumulation; recovers lipid content, food-sensing behavior, dopamine levels; and prolongs lifespan of 6-hydroxydopamine treatment, thus revealing its potential as a possible antiparkinsonian drug blocking egl-1 expression to inhibit apoptosis pathways and by raising rpn-6 expression to enhance the activity of proteasomes. Thus, the authors suggested that n-Butylidenephthalide may be one of the effective neuroprotective agents for the treatment of Parkinson disease [43] .
Curcumin Derivative
CNB-001, a novel pyrazole derivative of curcumin, has recently been reported to possess various neuroprotective properties. The study was designed to investigate the neuroprotective mechanism of CNB-001 in a subacute 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) rodent model of PD. Administration of MPTP (30 mg/kg for four consecutive days) exacerbated oxidative stress, motor impairment and reduced tyrosine hydroxylase (TH), dopamine transporter, and vesicular monoamine transporter 2 (VMAT2) expressions. Pretreatment with CNB-001 (24 mg/kg) not only ameliorated behavioral anomalies, but also synergistically enhanced monoamine transporter expressions and cosseted mitochondria by virtue of its antioxidant action. Thus, the authors suggested that the neuroprotective property of CNB-001 may have strong therapeutic potential for the treatment of PD [44] .
Lenalidomide
Lenalidomide has shown protective effects in an animal model of amyotrophic lateral sclerosis, and its mechanism of action involves modulation of cytokine production and inhibition of NF-κB signaling. In order to assess the effect of lenalidomide in an animal model of PD, mThy1-α-syn transgenic mice were treated with lenalidomide or the parent molecule thalidomide at 100 mg/kg for 4 weeks. This protective action was accompanied by a reduction in microgliosis both in the striatum and hippocampus. A central expression of pro-inflammatory cytokines were diminished in lenalidomide-treated transgenic animals, together with reduction in NF-κB activation. Thus, the authors suggested that lenalidomide might have a therapeutic potential for reducing maladaptive neuroinflammation in PD and related neuropathologies [45] .
α-Lipoic Acid (LA)
α-lipoic acid (LA) is a pleiotropic compound with potential pharmacotherapeutic value against a range of pathophysiological insults. Its protective actions against oxidative damage by scavenging ROS and reducing production of free radicals have been reported in various in vitro and in vivo systems. The study showed that the ability of LA to protect PC12 neuronal cells from toxicity of 1-methyl-4-phenylpyridinium (MPP+), the neurotoxic metabolite of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) and inhibits intercellular ROS levels and the mitochondrial transmembrane permeability ( Table 1) . Thus, the authors suggested that LA play an Table 1 . Summary of anti-inflammatory agents with their mechanisms of actions for the treatment of PD.
Agents
Mechanisms of Action Statins (Atorvastatin or Simvastatin)
Decrease both the mRNA and the protein levels of NMDAR1, TNF-α, IL-1β, IL-6 mRNA, COX-2 and protein expression levels in 6-OHDA-stimulated PC12 cells.
Silymarin
Decreases striatal caspase-3 and NFκB expression indicating potential anti-apoptotic and anti-inflammatory effects respectively.
Additionally, it reduces MPP (+)-induced motor deficits such as fine motor movements and gait.
Berberine
It is known to act as an anxiolytic, analgesic, anti-inflammatory, antipsychotic, antidepressant and anti-amnesic effects.
Mucuna pruriens (MP)
Reduces the expression of iNOS and GFAP in the SN.
MP down regulates NO production, neuroinflammation and microglial activation. It also increases the levels of dopamine, DOPAC and homovanillic acid compared to MPTP intoxicated mice.
Acetylcorynoline
It has been shown to have anti-inflammatory properties, but no studies have yet described the effects of acetylcorynoline on PD.
significantly decreases the dopaminergic neuron degeneration induced by 6-hydroxydopamine in BZ555 strain; prevents α-synuclein aggregation; recovers lipid content in OW13 strain; restores food-sensing behavior, dopamine levels; and prolongs lifespan in 6-hydroxydopamine-treated N2 strain.
Luteolin
Diminishes intracellular ROS formation and down-regulation of p53, UPR and Nrf2-ARE pathways.
N-Butylidenephthalide
Attenuates dopaminergic neuron degeneration induced by 6-hydroxydopamine; reduces α-synuclein accumulation; recovers lipid content, food-sensing behavior, and dopamine levels; and prolongs lifespan of 6-hydroxydopamine treatment.
Curcumin derivative Reduces tyrosine hydroxylase (TH), dopamine transporter, and vesicular monoamine transporter 2 (VMAT2) expressions by virtue of its antioxidant action.
Lenalidomide
Modulates cytokine production and inhibit NF-κB signaling.
α-lipoic acid (LA) Inhibits intercellular ROS levels and the mitochondrial transmembrane permeability and reduce the production of free radicals to protectfrom the oxidative damage.
The table shows the summary of various important anti inflammatory agents with their mechanisms of action for the treatment of PD.
important role to protect dopaminergic neuronal cells against oxidative damage [46] .
Neurotrophic Factors
Neurotrophic factors (NTFs) or neurotrophins are endogenous proteins which are a subset of growth factors that play a pivotal role in the development, survival, differentiation and maintenance of specific neuronal cells in the developing and adult nervous systems that have the potential ability to protect degenerating dopamine neurons as well as promote regeneration of the nigrostriatal dopaminergic systems [47] [48] . The family of neurotrophins consists of nerve growth factor (NGF), brain-derived neurotrophic factor (BDNF), glial cell line-derived neurotrophic factor GDNF, Vascular endothelial growth factor (VEGF), pigment epithelium-derived factor (PEDF), fibroblast growth factor (FGF), the cerebral dopamine neurotrophic factor (CDNF)/mesencephalic astrocyte-derived neurotrophic factor (MANF) family, the neurokines, neurturin, neurotrophin 3 (NT3), neurotrophin 4 (NT4), and neurotrophin 5 (NT5). Each binds to one member of the tyrosine receptor kinase (Trk) family: NGF binds to TrkA, BDNF and NT4 bind to TrkB, and NT3 binds to TrkC [49] - [53] . GDNF and neurturin (NTN) are the two main members of the family ligands (GFLs). GDNF signaling is mediated via a multicomponent receptor complex consisting of a binding receptor (GDNF family receptor alpha, GFRα) and a second receptor called Ret receptor tyrosine kinase [54] . There are numerous neurotrophic factors have been advanced and are under investigation to treat Parkinson's disease among them some are described below.
NGF
Nerve growth factor (NGF) is the first member of the neurotrophin family, which was discovered in the 1950s, was first applied in the sensory and autonomic nervous system, then in central nervous, endocrine and immune systems. NGF exerts its biological action by challenging the specific receptor tropomyosin kinase receptor A (TrkA), which is a typical tyrosine kinase receptor that influence a number of neuronal functions, including cell survival and axonal growth [55] [56].
BDNF
Brain-derived neurotrophic factor (BDNF) belongs to a family of related proteins known as neurotrophins, which acts through the tropomyosin-related kinase B (trkB) receptor and transduces intracellular signalling events that are critical for axonal growth, neuronal survival and plasticity in the adult brain which is important for the normal development of the central and peripheral nervous systems [57] . A reduction in BDNF expression is associated with neurodegenerative diseases such as Parkinson's disease, Alzheimer's disease and dementia with Lewy bodies [58] . A decreased level of BDNF mRNA and protein expression has been consistently reported in multiple brain areas of AD postmortem and in the substantianigra pars compacta, caudate nucleus and putamen of PD patients [59] . Many studies have shown that the rehabilitation treatment increases the BDNF levels and may decrease the risk of PD in humans, reduce PD symptoms in animal models and improves PD signs in patients in the early stages of the disease [60] [61] . A recent pilot study on the effect of cognitive training on BDNF serum levels in individuals with Parkinson's disease showed that PD patients undergoing the cognitive rehabilitation, besides improving their cognitive performance as measured by the Zoo Map Test, also displayed increased serum BDNF levels as compared to the placebo group. These findings suggested that BDNF serum levels may represent a biomarker of the effects of cognitive rehabilitation in PD patients affected by mild cognitive deficits (MCI) [62] .
GDNF
The glial cell line-derived neurotrophic factor (GDNF) is a well-established trophic agent for dopaminergic (DA) neurons in vitro and in vivo. Four different ligand-receptor binding pairs of the GDNF family exist in mammals, and they all signal via the transmembrane RET receptor tyrosine kinase and GRAL (GDNF Receptor AlphaLike) protein of unknown function and Gas1 (growth arrest specific 1) have GDNF family receptor (GFR)-like domains [63] . GDNF is necessary for the maintenance of neuronal morphological and neurochemical phenotype and protects DA neurons from toxic damage. However, the mechanism of the GDNF for the neroprotective effect is still unclear [64] . GDNF and its receptor GFRα1 have been implicated in the survival of ventral midbrain dopaminergic (DA) neurons, but the molecular mechanisms by which GDNF generates DA neurons in grafted midbrain-derived neural stem cells (mNSCs) are not fully understood [65] . Preclinical studies indicate that members of the glial cell line-derived neurotrophic factor family of ligands are capable of preserving the degenerating dopamine neurons [66] . GDNF does not cross the blood-brain barrier, thus direct injections of high doses of recombinant glial cell line-derived neurotrophic factor have been shown to protect adult nigral dopaminergic neurons [67] .
To assess the neurotrophic and neuroprotective effect of GDNF in the unilateral 6-hydroxydopamine (6-OHDA) model of PDand in normal rats, GDNF was administered by the intranasal route. In the first study, rats were received single intranasal doses of 50-μg GDNF in phosphate-buffered saline (PBS) or cationic liposomes, but no 6-OHDA. In the second study, rats were nasally administered 10, 50 or 150 μg of GDNF in PBS or cationic liposomes 1h before injection of 6-OHDA. All groups were evaluated 3 -4 weeks later and it was found that both intranasal GDNF treatments induced a neurotrophic effect in the SN insofar as the number of tyrosine hydroxylase (TH)-positive neurons was significantly higher than in controls given intranasal PBS liposomes. Thus, these results have shown that both neurotrophic effects of intranasal GDNF in the intact SN as well as neuroprotective efficacy in the unilateral 6-OHDA model, support as a potential approach for the treatment of PD [68] .
VEGF
The polypeptide known as VEGF was first isolated in 1983 by Harold Dvorak and his colleagues, and was initially identified as vascular permeability factor (VPF) on account of its ability to induce vascular leakage. The VEGF family is comprised of five main members, namely VEGF-A, VEGF-B, VEGF-C, VEGF-D, and PLGF (placental growth factor) [69] . However, VEGF-B, C, D, and PLGF serve various physiological roles, VEGF-A is generally regarded as the most biologically relevant members of the VEGF family. The VEGF family is known to bind three different receptor tyrosine kinases (RTKs). VEGF-A is known to bind two similar receptor RTKs, VEGFR1.VEGF-B binds to VEGFR1 only, whereas the other isoforms of VEGF are known to bind to VEGFR2 and VEGFR3 [70] . Vascular endothelial growth factor (VEGF or VEGF-A) is a hypoxia induced angiogenic growth factor that is potent in neurotrophy, neuroprotection, anti-apoptosis and cell proliferation. Recent reports suggest that VEGF is related to many central nervous system diseases, such as cerebral ischemic disease, Alzheimer's disease and Parkinson's disease [71] . Reduced levels of VEGF, which is a well-known angiogenic molecule and its receptor activity is strongly controlled by endocytosis, which can terminate or enhance signal transduction in the angiogenic endothelium might cause neurodegeneration in part by impairing neural tissue perfusion, vasoregulation and normal functioning of perivascular autonomic nerves. Additionally, VEGF has been reported to support neuroprotection in dopaminergic neurons by indirect and direct mechanisms and suppress apoptosis in dopaminergic neurons in vitro, but the exact molecular regulation of these processes remains incompletely understood [72] .
In the current study, for the evaluation of neuroprotective potential for PD by testing an expanded dose range of VEGF-B (1 and 10 μg) and directly comparing both neuroprotective and neurorestorative effects of VEGF-B in progressive unilateral 6-hydroxydopamine (6-OHDA) PD models to a single dose of glial cell line-derived neurotrophic factor (GDNF, 10 μg), that has been established by several groups as a standard in both preclinical PD models. Both doses of VEGF-B caused an increase in tyrosine hydroxylase (TH)-positive cell and fiber count in the substantia nigra (SN) and striatum in the neuroprotective experiment and no significant adverse events were reported. Thus, the authors have suggested that VEGF-B has potential as a neuroprotective agent for PD therapy and should be further investigated [73] .
FGF
The fibroblast growth factor (FGF) family comprises 22 members with diverse functions in development and metabolism. Fibroblast growth factor 20 (FGF20) widely expressed in the substantia nigra is a neurotrophic factor and enhances the survival of mid brain dopaminergic neurons [74] . Seven FGFs have been associated with human disorders. These include FGF3 in Michel aplasia; FGF8 in cleft lip/palate and in hypogonadotropic hypogonadism; FGF9 in carcinoma; FGF10 in the lacrimal/salivary gland aplasia, and lacrimo-auriculo-dento-digital syndrome; FGF14 in spinocerebellar ataxia; FGF20 in Parkinson disease; and FGF23 in tumoral cal-cinosis and hypophosphatemic rickets [75] . The fibroblast growth factor-20 (FGF-20) has been shown to protect dopaminergic neurons against a range of toxic insults in vitro, through the activation of fibroblast growth factor receptor 1 (FGFR1) [76] .
For the study, FGF-20 was administered in the unilateral, 6-OHDA lesion rat model of PD and the study was demonstrated that, in embryonic ventral mesencephalic (VM) cultures, FGFR1 was expressed on tyrosine hydroxylase (TH)-positive neurons in the substantia nigra pars compacta (SNpc) of native adult rat brain. Thus, the study was suggested that FGF-20 play an important role to preserve dopamine neuron integrity and some aspects of motor functions in a rodent model of PD and can imply as a potential neuroprotective for FGF-20 for the treatment of PD [77] .
CDNF
Cerebral Dopamine Neurotrophic Factor (CDNF) and Mesencephalic Astrocyte-derived Neurotrophic Factor (MANF) are members of a recently discovered family of neurotrophic factors (NTFs). The main distinguishing feature of this family is that the members (CDNF and MANF) contain eight cysteine residues that were conserved in evolution from invertebrates to vertebrates [78] . CDNF and MANF consist of two domains; an amino-terminal saposin-like domain that may interact with lipids or membranes, and a presumably unfolded carboxy-terminal domain that may protect cells against endoplasmic reticulum stress [79] . CDNF and MANF protect midbrain dopaminergic neurons and restore motor function in 6-hydroxydopamine rat model of PD in vivo. However, the molecular function of CDNF in PD remains unclear [80] .
One study was conducted in primary glial cell cultures to see the anti-inflammatory effect of the CDNF both in vivo and in 6-hydroxydopamine (6-OHDA) models of Parkinson's disease by introducing intranigral transfection of the human CDNF (hCDNF) gene in the critical period of inflammation after a single intrastriatal injection in the rat, it was found that the overexpression of CDNF reduced nitrosative stress, glial markers and IL-6 levels in the SN, but not TNF-α and IL-1β levels. Thus, the authors suggested that the possible participation of TNF-α, IL-1β and IL-6 in rCDNF production by astrocytes, supporting their anti-inflammatory role [81] [82].
Neurturin
Glial cell line-derived neurotrophic factor (GDNF) or its naturally occurring analogue, neurturin (NTN), can potentially improve the function and delay the rate of degeneration of dopaminergic neurons in Parkinson's disease [83] . The current data demonstrated that delivering NRTN directly to the SN: 1) expands NRTN distribution within the terminal field and cell bodies of targeted nigrostriatal neurons, 2) enhances intracellular neurotrophic factor signaling in the nigrostriatal neurons, and 3) produce greater numbers of surviving dopamine neurons against 6-OHDA-induced toxicity, particularly under the conditions of active axonopathy [84] .
For the study, an open-label phase I, clinical trial study was conducted in the USA with 12 patients aged 35 -75 years with a diagnosis of PD for at least 5 years in accordance with the UK Brain Bank Criteria received bilateral, stereotactic, intraputaminal injections of adeno-associated virus serotype 2-neurturin (CERE-120). The first six patients received doses of 1.3 × 10 (11) vector genomes (vg)/patient, and the next six patients received 5.4 × 10 (11) vg/patient and it was demonstrated that the gene therapy was safe, well tolerated and no any adverse events were reported. It showed that improvement in motor function with sub score of the Unified Parkinson's Disease Rating Scale (UPDRS) of 14 points (SD 8; p = 0.000121 [36% mean increase; p = 0.000123]) and a mean increase of 2.3 h (2; 25% group mean increase; p = 0.0250) in on time without troublesome dyskinesia were seen. Thus, the authors suggested that the initial data support the safety, tolerability, and potential efficacy of CERE-120 as a possible treatment for PD [85] .
Another, a double-blind, phase 2 randomized clinical trials were conducted in the USA with 58 patients between December, 2006, and November, 2008. For the study, AAV2-neurturin (5·4 × 10 11 vector genomes) was injected bilaterally into the putamen or sham surgery in the trial. The result showed that there was no significant difference in the primary endpoint in patients treated with AAV2-neurturin compared with control individuals. Serious adverse events occurred in 13 of 38 patients treated with AAV2-neurturin and four of 20 control individuals. Three patients in the AAV2-neurturin group and two in the sham surgery group developed tumors. The authors suggested that intraputaminal AAV2-neurturin is not superior to sham surgery when assessed using the UPDRS motor score at 12 months. However, the possibility of a benefit with additional targeting of the substantia nigra and longer term follow-up should be investigated in further studies [86] .
Indications of Neurotrophic Factors
1. NTFs are commonly used in the treatment of neurological disorders, including the most common central neurodegenerative diseases, Alzheimer's disease and Parkinson's disease. 2. This approach may also prove effective for the peripheral nerve injury, which is a serious issue affecting 2.8% of trauma patients and many of whom will be subjected to lifelong disability. 3. NTFs also play an important role in the development of potential neuroprotective glaucoma and hearing disorder treatments.
Limitations of Use
Despite their obvious attractiveness as therapeutic agents, they have some serious restrictions in clinical use. The most limiting of these are their short biological half-life and vulnerability to structural disruption or modification, leading to loss of bioactivity [87] .
Deep Brain Stimulation (DBS)
Deep brain stimulation (DBS) has developed over the past two decades and still in developing phase as an effective therapeutic option for various neurological and psychiatric disorders [88] . The Subthalamic nucleus (STN), the internal segment of the Globus pallidus (Gpi), and thalamus are the standard DBS targets for the treatment of advanced Parkinson's disease, the tremor or rigidity and bradykinesia [89] [90]. The Food and Drug Administration (FDA) has approved that DBS is safe, well tolerated, and effective for the treatment of advanced Parkinson's disease (PD), essential tremor (ET), obsessive compulsive disorder (OCD), and for dystonia [91] [92] . DBS involves the delivery of particular electrical signals to the specific deep anatomical structures of the central nervous system with the objective of altering or modulating neural functioning and achieving a reversible, adjustable and therapeutic or clinically beneficial effect [93] . However, the exact mechanism of action of DBS is still under investigations, some authors suggested that DBS of the basal ganglia improves cortical function by alleviating excessive beta phase locking of motor cortex neurons [94] [95] .
A large meta-analysis comparing deep brain stimulation of the Globus pallidus and Subthalamic nucleus to treat advanced Parkinson's disease, was conducted for the better response in patient who underwent STN DBS Vs those who underwent GPi DBS and was demonstrated that deep brain stimulation of the Gpi or STN equally improved motor function, measured by the Unified Parkinson's Disease Rating Scale Section III (UPDRSIII) (motor section, for patients in on-and off-medication phases), within 1 year post surgery and there was no any differences in therapeutic efficacy for PD [96] - [98] . 
Indications OF DBS
Contraindications (Relative)
1) Biological age over 75 years 2) Severe/malignant comorbidity with considerably reduced life-expectancy 3) Chronic immunosuppression 4) Distinct brain atrophy 5) Severe psychiatric disorder (cognitive deficits/dementia, frontal-dysexecutive syndrome, manifest psycho-sis, depression, substance abuse, personality disorder) [102] .
Complications and Adverse Effects of DBS
Adverse effects of DBS consist of a wide variety of acute or chronic neurological and neuropsychological complications such as those related to surgery, hardware and stimulation. 1. The most severe complication of DBS surgery is an intracerebral hemorrhage (ICH) which is reported to occur in 0.2% -5% with symptomatic hemorrhage occurring in 2.1% of patients and hemorrhage resulting in permanent neurological deficit or death in 1.1%. 2. Postoperative seizures have also been reported and generally occur within 48 h of surgery, with an estimated incidence of 2.4%. 3. The most common hardware complications include postoperative infections, ranging from 1.8% -15.2% of cases is reported and other complications are electrode migrations or misplacements, wire fractures, skin erosion and device malfunction. Infections are the most reported hardware complications. 4. Stimulation-related adverse effects include muscle contractions, dysarthria, ocular deviations, dyskinesia, cognitive disturbances, headache, and affective disturbances such as mania [103] [104].
Stem Cell Therapy
Over the past two decades, stem cell technologies have become an increasingly attractive therapeutic option to investigate and treat neurodegenerative diseases [105] . Stem cells are divided into two groups: embryonic and adult stem cells. In another categorization stem cells are divided to Totipotent, Multipotent and Unipotentcells [106] . Naturally occurring stem cells generally include embryonic stem cells (ESCs), fetal stem cells (FSCs), and adult stem cells [107] . Various stem cell therapies are under investigations and have been developed to treat neurodegenerative diseases, among them embryonic stem cells (ESCs), mesenchymal stem cells (MSCs), neural stem cells (NSCs) and induced pluripotent stem cells (iPSCs) are the most common tools that hold a great promise for regeneration of the brain [108] . Dopaminergic (DA) neurons in the substantia nigra pars compacta (also known as A9 DA neurons) are the specific cell type that is lost in PD. During neural development, A9 DA neurons originate from the floor plate (FP) precursors located at the ventral midline of the central nervous system which is essential for the embryonic DA neuron development [109] [110]. Stem cell-based therapies can be beneficial by acting through several mechanisms such as cell replacement, trophic actions, mediating remyelination and modulation of inflammation [111] [112]. The 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) animal model is a useful tool to study PD and was used in the present study to investigate the potential benefits as well as the deleterious effects of systemic bone-marrow mononuclear cell (BMMC) or mesenchymal stem cell (BM-MSC) transplantation. MPTP administration was resulted in a breakdown of the blood-brain barrier and motor impairment in the open field test 24 h after surgery. However, systemic BM-MSC transplantation that reaches the injury site and prevents neuronal damage after an MPTP infusion could be considered as a potential treatment for PD during the early stage of disease development. The study was demonstrated that caution should be taken when considering cell therapy using BMMCs to treat PD [113] . Another study was conducted by generating iPS cell-derived NSC transplant into the striatum of the 6-hydroxydopamine (OHDA)-induced PD rats and was identified that it improved their functional defects of rotational asymmetry at 4, 8, 12 and 16 weeks after transplantation. IPS cell-derived NSCs were found to survive and integrate into the brain of transplanted PD rats and differentiated into neurons, including dopamine neurons in vivo. Thus, the authors suggested that transplantation of iPS cell-derived NSCs has therapeutic potential for PD [114] . Animal studies have further shown that iPS cells from fibroblasts could be induced into dopamine neurons and transplantation of these cells within the central nervous system improved motor symptoms in the 6-OHDA model of PD [115] . 
Indications of Stem Cell Therapy
Risks and Limitations of Use
Gene Therapy for Parkinson's Disease
Over the past two decades, gene based therapeutic strategy have been advanced to treat neurodegenerative disorders via viral or non-viral vectors which is regulated by the introduction of exogenous nucleic acids such as DNA, mRNA, small interfering RNA (siRNA), microRNA (miRNA) or antisense oligonucleotides [122] . Various non-viral vectors have been developed to provide a safer approach for gene delivery, including polymers, peptides, liposomes, and nanoparticles [123] . Due to the short duration of gene expression, nonviral techniques are insignificantly used for the treatment of chronic neurodegenerative disorders such as PD. viral vectors, derived from either DNA or RNA are most commonly used method for the modulation of gene transfer in the CNS, with the potential to cause long lasting gene expression via episome formation or DNA integration into the host genome [124] . Currently, there are various viral vectors have developed to transfer foreign gene, based on the criterion of safety, stability of gene expression and transduction of specific cellular targets, only recombinant adeno-associated virus (rAAV) and lentivirus vectors are most commonly used in clinical trials for PD, which are focused on three therapeutic approaches; augmentation of dopamine levels via increased neurotransmitter production, modulation of the neuronal phenotype and neuroprotection [125] [126] . Over the past decade, nine gene therapy clinical trials for PD have been investigated such as AAV2/AADC, AAV2/ GAD, a combination of GAD-65 and GAD-67, AAV2/NRTN, LENTI/AADC-TH-CH1, AAV2/GDNF, Synopsis and ProSavin [127] [128]. Gene therapy is a promising therapy for various cerebrovascular diseases, including ischemic stroke, hemorrhagic stroke and subarachnoid hemorrhage (SAH). 4. Recently it is also used in the several haemoglobinopathies, such as beta-thalassaemia, sickle cell disease and Fanconi anemia, 5. Gene therapy is also used in the various immunodeficiency conditions, including X-linked severe combined immunodeficiency (SCID-X1), adenosine deaminase deficiency (ADA-SCID), chronic granulomatous disease (CGD), and Wiskott-Aldrich syndrome (WAS). [129] - [133] .
Indications of Gene Therapy
The following gene therapies are in clinical trials for the treatment of PD.
AADC (Aromatic L-Amino Acid Decarboxylase)
In Parkinson's disease, there is marked degeneration of nigrostrial neurons, which causes progressive loss of aromatic l-amino acid decarboxylase (AADC), the enzyme that converts levodopa into dopamine [134] . Several Phase Istudies have undertaken in primate models of PD with intrastriatal infusion of an adeno-associated viral type 2 vector (AAV-2) containing the human aromatic l-amino acid decarboxylase (AAV-hAADC) gene resulted in robust gene expression without the side effects associated with higher doses and these studies have demonstrated that the gene therapy was well tolerated and with higher doses of adeno-associated viral vector containing the human aromatic l-amino acid decarboxylase gene increase dopamine production in the putamen and provide more profound clinical benefit. Thus, the authors suggested that bilateral intrastriatal infusion of adeno-associated viral type 2 vector containing the humanAADC gene improves mean scores on the Unified Parkinson's Disease Rating Scale by approximately 30% in the on and off states, but the surgical procedure may be associated with an increased risk of intracranial hemorrhage and self-limited headache [135] [136].
GAD (Glutamic Acid Decarboxylase)
Gene transfers of glutamic acid decarboxylase (GAD) and other methods that modulation of excitatory and inhibitory activity of GABA in the subthalamic nucleus and improves basal ganglia function in Parkinsonian animal models [137] . For the study, an open label, phase I trial study was evaluated with administration of a unilateral injection of AAV-GAD into the subthalamic nucleus of patients with Parkinson's disease with low-dose, four medium-dose, and four high-dose AAV-GAD at New York Presbyterian Hospital and the study was identified that there were no adverse events related to gene therapy and there was significant improvement in motor UPDRS scores (p = 0.0015), predominantly on the side of the body that was contralateral to surgery, were seen 3 months after gene therapy and persisted up to 12 months. These results demonstrated that AAV-GAD gene therapy of the subthalamic nucleus is safe and well tolerated by patients with advanced Parkinson's disease, and suggesting that invivo gene therapy in the adult brain might be safe for various neurodegenerative diseases [138] .
Another, a double-blind, phase 2, randomized controlled trial was undertaken in seven places in the USA between Nov 17, 2008 , and May 11, 2010 aimed to assess the effect of bilateral delivery of AAV2-GAD in the subthalamic nucleus compared with sham surgery in patients with advanced Parkinson's disease. The AAV2-GAD group showed a significantly greater improvement from baseline in UPDRS scores compared with the sham group over the 6-months course of the study (RMANOVA, p = 0.04) and there were no serious adverse effects were found, the most common were headache and nausea. These studies have demonstrated that the efficacy and safety of bilateral infusion of AAV2-GAD in the subthalamic nucleus support its further development for Parkinson's disease and shows the promise of gene therapy for neurological disorders [139] .
AADC, GCH-1, and TH
All studies have utilized a mix of two monocistronic vectors expressing either of the two genes, tyrosine hydroxylase (TH) and GTP cyclohydrolase-1 (GCH1), needed for DOPA production. TH converts tyrosine to L-3, 4-dihydroxyphenylalanine (L-DOPA), GCH1 is a key enzyme in the synthesis of the cofactor 5, 6, 7, 8-tetrahydro-L-biopterin (BH4). Together, TH and GCH1 are the rate-limiting enzymes in the production of DOPA from the dietary amino acid tyrosine. DOPA is then converted into DA by the aromatic L-amino acid decarboxylase (AADC) and a vesicular monoamine transporter (VMAT-2) transports dopamine into synaptic vesicles, thereby supporting regulated, the vesicular release of dopamine and relieving feedback inhibition of TH by dopamine [140] - [142] .
For the study, the PD rat model was used for the in vivo gene therapy of a recombinant adeno-associated virus (AAV2) containing a human glutamic acid decarboxylase 65 (rAAV2-hGAD65) gene delivered to the subthalamic nucleus (STN). This is combined with the ex vivo gene delivery of TH by fibroblasts injected into the striatum. After the treatment, the study was demonstrated that rotation behavior was improved with the greatest efficacy in the combination group. The authors suggested that subthalamic hGAD65 gene therapy and combined with TH gene therapy can alleviate symptoms of the PD model rats, independent of the protection the DA neurons from death [143] .
ProSavin
ProSavin is a newer approach to gene therapy for PD and has shown promising results in a phase 1/2 study. ProSavin gene therapy for PD is under investigation [144] . It is generated from the producer cell lines (PCLs) performs comparably in vivo to that produced by the standard transient transfection process with respect to transduction efficiency and immunogenicity [145] .
A phase 1/2 open-label clinical trial with 12-month follow-up at two study sites (France and UK) to assess the safety and efficacy of ProSavin were conducted and for this study bilateral injection of ProSavin was administered into the putamen of patients with PD to assess the safety, tolerability, and efficacy of bilateral, intrastriatal delivery of ProSavin, a lentiviral vector-based gene therapy aimed at restoring local and continuous dopamine production in patients with advanced PD. For the study, 15 patients received ProSavin under general anesthesia and were followed up (three at low dose, six mid dose, and six high doses). During the first 12 months of follow-up, 54 drug-related adverse events were reported (51 mild, three moderate). Most common adverse events increased on-medication dyskinesias (20 events, 11 patients) and on-off phenomena (12 events, nine patients) were noted. No serious adverse events related to the study drug or surgical procedures were reported. The authors suggested that ProSavin was safe and well tolerated in patients with advanced PD and improvement in motor symptoms were observed in all patients [146] .
Conclusion
In summary, till date, the treatment for PD remains essentially symptomatic although this approach is simple and effective during the early phases of the disease. The management of advanced PD is complicated due to the decline in the number of dopaminergic neurons, the development of motor complications, and the appearance of non-dopaminergic motor and non-motor features, resulting in significant morbidity and a shortened lifespan. There are various therapeutic strategies have been advanced for the treatment of PD, including pharmacotherapy such as dopaminergic and non-dopaminergic therapies, anti-inflammatories, neurotrophic factors, DBS, cell based therapies and gene therapies. But all of these newer treatments have merits and demerits. Neurotrophic factors are one particularly promising therapeutic and potentially neuroprotective approach. However, severe delivery obstacles have limited their application in PD treatment. Surgical treatment is becoming more common for PD because of advances in brain imaging and neurosurgical techniques. DBS of the subthalamic nucleus effectively improves motor function and reduces motor fluctuations, dyskinesia, and antiparkinsonian medication effects, but the treatment is expensive, and cannot cure disease. In the past 20 years, great progress was made in stem cell technology. The rapidly advancing stem cell field is providing attractive options for fighting PD disease and other neurodegenerative disorders. The main limitations of transplantation are the ethical, practical and safety issues and allogeneic transplantation immune rejection problem. PD is the central nervous system degenerative disease of choice for gene therapy. This is because the basic pathological change is clear, related genes have been cloned and have appropriate animal models, the anatomical position clears to facilitate stereotaxic injection. Therefore, PD gene therapy has made a lot of progress in recent years. But gene therapy is still not mature. There are many problems to be solved, such as the purpose of looking for more valuable genes, the mechanism of gene expression form has a sequence of genes, build tissue specificity or directional gene expression vector and overcome the virus vector immune response. We have found that there is no permanent cure for neurodegenerative disorders and for the majority of conditions, the etiological factors are unknown. Therefore, most therapies are oriented toward symptomatic relief aiming to slow or even terminate neurodegeneration. Hence, we suggest for the cure of neurodegenerative disorder need further research to develop a newer approach as a novel therapy for Parkinson's disease.
